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(57) Abstract: 

PURPOSE: To provide a solid electrolyte made of a polysiloxane group film having 

excellent ionic conductivity and stable quality. 

CONSTITUTION: A solid electrolyte comprises an alkaline metallic salt-containing 
hydrophilic ether group oligomer contained in the micro-domain of a film made of 
polysiloxane having a hydrophobic radical and a hydrophilic radical. The 
polysiloxane film of micro-phase separation structure can consequently be formed, 
and consequently the alkaline metallic salt-containing ether group oligomer can be 
retained in the hydrophilic phase of the polysiloxane film, so that ions may be 
efficiently transported by the active segmenting movement of polysiloxane, the 
promotion of ion transport via the hydrophilic radical, and the ethereal group 
oligomer retained in the micro-domain of the film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

L This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 



[Claim 1] The soUd electrolyte characterized by containing the hydrophiUc ether system oUgomer of 
alkah-metal salt content in the fihn which consists of a polysiloxane which has a hydrophobic group 
and a hydrophilic group. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAH FT> DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is excellent in ionic conductivity, and relates to the suitable 

solid electrolyte for formation of a thin shape cell etc. 

[0002] 

[Description of the Prior Art] Conventionally, the solid electrolyte which makes it come to contain an 
alkali-metal salt in the film which consists of a poly methyl siloxane to which the oligomer of 
ethylene oxide was introduced into the side chain was known. However, the trouble of being inferior 
to ionic conductivity is ******. 
[0003] 

[Problem(s) to be Solved by the Invention] this invention makes a technical problem development of 
a solid electrolyte which consists of a film of the polysiloxane system by which was excellent in ionic 
conductivity and quality was stabilized. 
[0004] 

[Means for Solving the Problem] The solid electrolyte characterized by this invention containing the 
hydrophilic ether system oligomer of alkali-metal salt content in the film which consists of a 
polysiloxane which has a hydrophobic group and a hydrophilic group is offered. 
[0005] 

[Function] If the polysiloxane which has a hydrophobic group and a hydrophiUc group is produced, 
the film which the hydrophobic group and hydrophilic group act and has micro phase separation 

structure can be formed, if this is made to contain the hydrophilic ether system oligomer of alkali- 
metal salt content, the film which holds the hydrophilic ether system oligomer of alkali-metal salt 
content in the hydrophiUc phase in the micro phase separation structure in a film can be formed, and 
this film constitutes the solid electrolyte which is excellent in ionic conductivity. It is thought that the 
outstanding ionic conductivity is because the active segmental motion of the polysiloxane as matrix 
polymer, promotion of the ion transport by the hydrophilic group, and the ether system oligomer held 
by the micro domain exist continuously in sufficient space for an ion transport. 
[0006] 

[Example] The solid electrolyte of this invention comes to have the hydrophilic ether system 
oligomer of alkali-metal salt content in the film of a polysiloxane system. As a polysiloxane which 
forms a film, what has a hydrophobic group and a hydrophilic group is used for a side chain. 
[0007] What has the structural unit expressed with the following general formula (I) and (IE) as an 
example of the aforementioned polysiloxane is raised. This polysiloxane can be formed by for 
example, the chemical polymerization method, the electrolytic polymerization method, etc., and 
although 20,000-8 million are common as for the average molecular weight, it is not limited to this. 
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(I) (II) 





[0008] In the aforementioned general formula, Rl is a hydrophobic group which a carbon number 
becomes from three or more alkyl groups, phenyl groups, etc. R2 is a hydrophilic group which 
consists of an end methylation polyethylene-oxide machine, an end methylation polypropylene-oxide 
machine, an end methylation ethylene oxide propylene-oxide copolymer machine (a random 
copolymer, block copolymer), a hydroxyl group, a carboxyl group, an amino group, a sulfonic group, 
etc. 

[0009] As the aforementioned hydrophilic group. The end methylation polyethylene-oxide machine 
expressed with -X-CH3 or -Y-CH3 (however, X is m (CH2CH20) and Y is n (CH2CH(CH3) O).), an 
end methylation polypropylene-oxide machine or an end methylation ethylene oxide propylene-oxide 
copolymer machine, etc. is more desirable than points, such as improvement in the ionic conductivity 
by suppression of crystallization of ** and ether system polymer. In addition, although 2-20 are 
common as for the polymerization degree m and n of the polyethylene oxide in a formula, or a 
polypropylene oxide, it is not limited to this. 

[0010] A thing proper as hydrophiUc ether system oligomer of the alkali-metal salt content included 
in the fihn which consists of a polysiloxane can be used. As the example, ethylene oxide oligomer, 
propylene-oxide oligomer, e%lene oxide propylene-oxide copolymerization oligomer, etc. are 
raised. Although 100-2000 are common as for the average molecular weight of the hydrophilic ether 
system ohgomer to be used, it is not Umited to this. 

[001 1] As an example of an alkali-metal salt, what consists of combination with anions, such as 
cations, such as Li ion, Na ion, and K ion, I ion and CF3S03 ion, BF4 ion, C104 ion, A1C14 ion, PF6 
ion, AsF6 ion, and SCN ion, is raised. 

[0012] Formation of a soHd electrolyte can dissolve the polysiloxane and the hydrophihc ether system 
oligomer which have a hydrophobic group and a hydrophiUc group using the polar solvent like a 
dimethylacetamide, and an alkali-metal salt, and can be performed by producing a fihn by the method 
with a proper casting method etc. using the solution. In this case, an alkah-metal salt has the method 
more desirable than the point of making an alkali-metal salt collecting in hydrophiUc ether system 
oUgomer which makes it dissolve in hydrophiUc ether system oUgomer using an organic solvent if 
needed beforehand, and mixes and dissolves the solution into a polysiloxane solution. 
[0013] although the amount of the hydrophiUc ether system oUgomer used may be suitably 
determined according to the purpose of use etc. - general - per [ 10 ] polysiloxane 100 weight 
section - the 200 weight sections ~ it considers as the 20 - 100 weight section above all Moreover, 
the amount of the alkaU-metal salt used can also be suitably determined according to the ionic 
conductivity made into the purpose, and, generally per hydrophiUc ether system oUgomer 100 weight 
section and 1 - 50 weight section are used. The thickness to form is arbitrary and is 10-500 
micrometers usually. The obtained fihn can be used for formation of various products, such as a ceU, 
as a soUd electrolyte. 

[0014] Set to the general formula (I) described above example 1. For Rl, in a phenyl group, R2 is 
[ the polymerization degree (m) of a polyethylene-oxide portion ] the end methylation polyethylene- 
oxide machine of 2, 4, 6, or 8. Weight-average-molecular-weight about 2 milUon polysiloxane whose 
number of polymerizations of the portion which has R2 (y) the number of polymerizations of the 
portion which has Rl (x) is 3, and is 1 is dissolved in a dimethylacetamide. Carry out churning 
mixture of the viscous solution of the ethylene oxide oUgomer of LiC104 content, and a uniform 
solution is prepared so that it may become this per polysiloxane 100 weight section with the blending 
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ratio of coal of the ethylene oxide oligomer (weight average molecular weight 400 [ about ]) of 30 
weight sections, 60 weight sections, or the 100 weight sections. The film with a thickness of 50 
micrometers was formed by the KYASUTENGU method, and the solid electrolyte was obtained. In 
addition, the amount from which the atomic ratio of O/Li in ethylene oxide oligomer is set to 10 was 
used for LiC104. 

[0015] Set to the general formula (I) which carried out the example above of comparison. The 
number of polymerizations of the portion which has Rl (x) is 0, therefore consists only of a portion 
which has R2. Weight-average-molecular-weight about 2 million polysiloxane whose polymerization 
degree (m) of the polyethylene-oxide portion is the end methylation polyethylene-oxide machine of 2, 
4, 6, or 8 is dissolved in a dimethylacetamide. Churning mixture of LiC104 was carried out, the 
uniform solution was prepared so that the atomic ratio of O/Li in the polyethylene oxide of R2 
introduced into the polysiloxane at it might be set to 10, and according to the example 1, the solid 
electrolyte was obtained using it. Therefore, this thing does not contain ethylene oxide oligomer. 
[0016] Ionic conductivity was measured with the alternating current impedance analyzer about the 
soUd electrolyte obtained in the evaluation examination example 1 and the example of comparison. 
The result was shown in Table 1. In addition, A/B of front Naka means the rate of a polysiloxane / 
ethylene oxide oligomer. Moreover, the polymerization degree of an introductory polyethylene oxide 
means the polymerization degree of the polyethylene-oxide portion in the end methylation 
polyethylene-oxide machine introduced into the polysiloxane. 
[0017] 
[Table 1] 
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[0018] 

[Effect of the Invention] According to this invention, the polysiloxane film of micro phase separation 
structure can be formed, the hydrophilic phase can be made to be able to hold the ether system 
oligomer of alkali-metal salt content, and the solid electrolyte by which the quality which is excellent 
in ionic conductivity was stabilized can be obtained. 



[Translation done.] 
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* NOTICES * 

Japan Patent 0££ice is not responsible £or any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



TECHNICAL FIELD 

[Industrial Application] this invention is excellent in ionic conductivity, and relates to the suitable 
solid electrolyte for formation of a thin shape cell etc. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation* 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] Conventionally, the soHd electrolyte which makes it come to contain an 
alkali-metal salt in the film which consists of a poly methyl siloxane to which the oligomer of 
ethylene oxide was introduced into the side chain was known. However, the trouble of being inferior 
to ionic conductivity is ****** 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, the polysiloxane film of micro phase separation 
structure can be formed, the hydrophihc phase can be made to be able to hold the ether system 
oligomer of alkali-metal salt content, and the solid electrolyte by which the quality which is excellent 
in ionic conductivity was stabilized can be obtained. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] this invention makes a technical problem development of 
a solid electrolyte which consists of a film of the polysiloxane system by which was excellent in ionic 
conductivity and quality was stabilized. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused hy the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
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MEANS 

[Means for Solving the Problem] The solid electrolyte characterized by this invention containing the 
hydrophilic ether system oligomer of alkali-metal salt content in the film which consists of a 
polysiloxane which has a hydrophobic group and a hydrophilic group is offered. 
[0005] 



[Translation done.] 
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OPERATION 

[Function] If the polysiloxane which has a hydrophobic group and a hydrophilic group is produced, 
the film which the hydrophobic group and hydrophilic group act and has micro phase separation 
structure can be formed, if this is made to contain the hydrophilic ether system oligomer of alkali- 
metal salt content, the film which holds the hydrophilic ether system oUgomer of alkali-metal salt 
content in the hydrophilic phase in the micro phase separation structure in a film can be formed, and 
this film constitutes the solid electrolyte which is excellent in ionic conductivity. It is thought that the 
outstanding ionic conductivity is because the active segmental motion of the polysiloxane as matrix 
polymer, promotion of the ion transport by the hydrophilic group, and the ether system oligomer held 
by the micro domain exist continuously in sufficient space for an ion transport. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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^ 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
SJn the drawings, any words are not translated. 



[Example] The solid electrolyte of this invention comes to have the hydrophilic ether system 
oligomer of alkaU-metal salt content in the fihn of a polysiloxane system. As a polysiloxane which 
forms a film, what has a hydrophobic group and a hydrophilic group is used for a side chain. 
[0007] What has the structural unit expressed with the following general formula (I) and (II) as an 
example of the aforementioned polysiloxane is raised. This polysiloxane can be formed by for 
example, the chemical polymerization method, the electrolytic polymerization method, etc., and 
although 20,000-8 million are conunon as for the average molecular weight, it is not Hmited to fliis. 

/ CHaX / CHa \ / \ 



[0008] In the aforementioned general formula, Rl is a hydrophobic group which a carbon number 
becomes from three or more alkyl groups, phenyl groups, etc. R2 is a hydrophiUc group which 
consists of an end methylation polyethylene-oxide machine, an end methylation polypropylene-oxide 
machine, an end methylation ethylene oxide propylene-oxide copolymer machine (a random 
copolymer, block copolymer), a hydroxyl group, a carboxyl group, an amino group, a sulfonic group, 
etc. 

[0009] As the aforementioned hydrophilic group. The end methylation polyethylene-oxide machine 
expressed with -X-CH3 or -Y-CH3 (however, X is m (CH2CH20) and Y is n (CH2CH(CH3) O).), an 
end methylation polypropylene-oxide machine or an end methylation ethylene oxide propylene-oxide 
copolymer machine, etc. is more desirable than points, such as improvement in the ionic conductivity 
by suppression of crystallization of ** and ether system polymer. In addition, although 2-20 are 
common as for tiie polymerization degree m and n of the polyethylene oxide in a formula, or a 
polypropylene oxide, it is not limited to this. 

[0010] A thing proper as hydrophilic etiier system oligomer of the alkali-metal salt content included 
in the fihn which consists of a polysiloxane can be used. As the example, etiiylene oxide oligomer, 
propylene-oxide oligomer, ethylene oxide propylaie-oxide copolymerization oligomer, etc. arc 
raised. Although 100-2000 are common as for the average molecular weight of the hydrophilic ether 
system oligomer to be used, it is not limited to this. 

[001 1] As an example of an alkali-metal salt, what consists of combination witii anions, such as 
cations, such as Li ion, Na ion, and K ion, I ion and CF3S03 ion, BF4 ion, C104 ion, A1C14 ion, PF6 
ion, AsF6 ion, and SCN ion, is raised. 

[0012] Formation of a solid electi-olyte can dissolve the polysiloxane and tiie hydrophilic ether system 
oligomer which have a hydrophobic group and a hydrophiUc group using die polar solvent like a 
dimethylacetamide, and an alkali-metal salt, and can be performed by producing a fihn by the method 
with a proper casting method etc. using the solution. In fliis case, an alkah-metal salt has the method 



EXAMPLE 
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more desirable than the point of making an alkali-metal salt collecting in hydrophilic ether system 
oligomer which makes it dissolve in hydrophilic ether system oligomer using an organic solvent if 
needed beforehand, and mixes and dissolves the solution into a polysiloxane solution. 
[0013] although the amount of the hydrophilic ether system oligomer used may be suitably 
determined according to the purpose of use etc. ~ general — per [ 10 ] polysiloxane 100 weight 
section - the 200 weight sections — it considers as the 20-100 weight section above all Moreover, 
the amount of the alkali-metal salt used can also be suitably determined according to the ionic 
conductivity made into the purpose, and, generally per hydrophilic ether system oUgomer 100 weight 
section and 1-50 weight section are used. The thickness to form is arbitrary and is 10-500 
micrometers usually. The obtained film can be used for formation of various products, such as a cell, 
as a solid electrolyte. 

[0014] Set to the general formula (I) described above example 1. For Rl, in a phenyl group, R2 is 
[ the polymerization degree (m) of a polyethylene-oxide portion ] the end methylation polyethylene- 
oxide machine of 2, 4, 6, or 8. Weight-average-molecular-weight about 2 million polysiloxane whose 
number of polymerizations of the portion which has R2 (y) the number of polymerizations of the 
portion which has Rl (x) is 3, and is 1 is dissolved in a dimethylacetamide. Carry out churning 
mixture of the viscous solution of the ethylene oxide oligomer of LiC104 content, and a uniform 
solution is prepared so that it may become this per polysiloxane 100 weight section with the blending 
ratio of coal of the ethylene oxide oUgomer (weight average molecular weight 400 [ about ]) of 30 
weight sections, 60 weight sections, or the 100 weight sections. The film with a thickness of 50 
micrometers was foraied by the KYASUTENGU method, and the solid electrolyte was obtained. In 
addition, the amount from which the atomic ratio of O/Li in ethylene oxide oUgomer is set to 10 was 
used for LiC104. 

[0015] Set to the general foraiula (I) which carried out the example above of comparison. The 
number of polymerizations of the portion which has Rl (x) is 0, therefore consists only of a portion 
which has R2. Weight-average-molecular-weight about 2 nndlUon polysiloxane whose polymerization 
degree (m) of the polyethylene-oxide portion is the end methylation polyethylene-oxide machine of 2, 
4, 6, or 8 is dissolved in a dimethylacetamide. Churning mixture of LiC104 was carried out, the 
uniform solution was prepared so that the atomic ratio of O/Li in the polyethylene oxide of R2 
introduced into the polysiloxane at it might be set to 10, and according to the example 1, the solid 
electrolyte was obtained using it. Therefore, this thing does not contain ethylene oxide oligomer. 
[0016] Ionic conductivity was measured with the alternating current impedance analyzer about the 
solid electrolyte obtained in the evaluation examination example 1 and the example of comparison. 
The result was shown in Table 1. In addition, A/B of front Naka means the rate of a polysiloxane / 
ethylene oxide oligomer. Moreover, the polymerization degree of an introductory polyethylene oxide 
means the polymerization degree of the polyethylene-oxide portion in the end methylation 
polyethylene-oxide machine introduced into the polysiloxane. 
[0017] 
[Table 1] 
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3/1 0' 
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[Translation done.] 
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